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Climate change is predicted to increase drought occurrence and severity in small  continental watercourses. Here, 
we studied the  structure and  the  functional diversity of benthic diatom assemblages in lowland intermittent and 
permanent watercourses of the  Carpathian Basin. We assumed that  the  community structure of intermittent and 
permanent watercourses would be  markedly diﬀ erent, and  the  functional diversity in  both  would be  strongly 
inﬂuenced by autumn drought. We found  that  intermittent streams were  primarily characterized by small-sized 
generalists and  aerophilic taxa,  while  permanent watercourses were  inhabited by  large-sized planktic or  fast 
moving groups. The functional richness was signiﬁcantly lower  in intermittent than in permanent streams. This 
decrease in the  functional richness of benthic algal  communities may  negatively aﬀ ect  the  functioning of lotic 
algal communities. We conclude that  diatom assemblages in lowland intermittent watercourses are sensitive indi- 
cators of changes in ecosystem properties, and  should be considered in appropriate evaluation and  management 
of extreme climatic events on aquatic ecosystems. 
 
 
 
 
1.  Introduction 
 
Terrestrial and  aquatic ecosystems are  threatened by  the  increas- 
ing  frequency and/or  intensity of extreme climate  events  worldwide 
(Meehl  et al., 2000;  Tölle et al.,  2017). Extreme  weather events,  such 
as droughts and  ﬂoods,  are  strongly  related to warmer climatic  condi- 
tions and may become  more  frequent and intense  (IPCC, 2014). Due to 
the  methodological uncertainties in data  acquisition and  the  resulting 
inconsistencies in the available data,  there  is currently limited  evidence 
for increased global drought; however, dryness could become more com- 
mon at the local scale (IPCC, 2014). Droughts  are complex  phenomena, 
which  are  generally considered to  be  disturbances with  strong  nega- 
tive inﬂuence on ecosystem  function (Rosett et al., 2017). However, the 
impact  of a disturbance is system  dependent (Borics et al., 2013), and 
usually  only extreme drought events  have  a strong  impact  on the com- 
position  of ecological  communities (Acuna et al., 2017). 
In  the  past  30–50  years,  remarkable shifts  in  the  climate 
zones/subzones were  observed globally  (Belda et al., 2014). Semi-arid 
regions  have  extended into  continental climate  regions  (Belda  et  al., 
2014). Furthermore, increases in  the  land  surface  area  of  the  conti- 
nental  regions  have  been  observed in  parallel with  an  area  decrease 
of boreal  regions  (Belda  et al.,  2014). These  changes  are  probably re- 
lated  to the  more  pronounced climate  change  during  the  20th  century 
(Belda et al., 2014). The Carpathian Basin belongs  to the continental re- 
gion. Here, the mean  annual temperature increased by ∼1 °C during  the 
20th  century (Bartholy  et al., 2014), while precipitation events  became 
less frequent (Bartholy  and Pongrácz, 2005). These trends  became  more 
prevalent in the ﬁrst period  of the 21st century (Bartholy  et al., 2014). 
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In this area  of Europe,  the  most  arid  season  has shifted  from winter to 
late  summer  (Bartholy  et  al.,  2014). The  climatic  changes  of the  last 
decade  led to changes  in the water  regime  of lowland streams in this re- 
gion, inducing the drying  up of these  formerly  permanent watercourses 
in the  late  summer  period. The diﬀ erence between drought regulated 
permanent streams and  naturally occurring temporary streams in the 
Carpathian Basin has become less distinct. The hotter and drier summers 
predicted in climate  change  scenarios  for this region may result  in typo- 
logical changes  of watercourses. Similar to the Mediterranean and other 
arid regions,  temporary streams may become  natural in the Carpathian 
Basin. 
Temporary streams are special  lotic ecosystems which  cease to ﬂow 
for part  of the  year  (Acuna  et al.,  2017;  Skoulikidis  et al.,  2017). De- 
pending on the length  of the drying  up phase,  these  ecosystems can be 
classiﬁed  as intermittent (presence of water  for longer  than  8 months), 
ephemeral (less than  8 months) or episodic  (water is in the  river  bed 
only  after  periods  of intense  precipitation)  (Skoulikidis et  al.,  2017). 
Temporary streams are  widespread in semi-arid to  Mediterranean re- 
gions  (Stubbington et al.,  2018), where  they  contribute to landscape- 
level biodiversity and provide multiple ecosystem  services, such as stor- 
age of nutrients, accessible  sand mining,  gravel  and fertile  substrate for 
agriculture, refuge  for aquatic organisms, and  corridors for terrestrial 
organisms (Acuna  et al., 2014,2017; Steward  et al., 2012;  Stubbington 
et al., 2017,  2018). Despite their  high ecological  and economical impor- 
tance,  temporary streams are  among  the  most  vulnerable ecosystems 
on  Earth.  They  are  threatened by anthropogenic impacts  and  natural 
hazards such as inappropriate landscape and waste water  management, 
over-abstractions or climatic  extremities (Skoulikidis et al., 2017). 
Given the predictions for increased extreme climatic  events in conti- 
nental regions (Babka et al., 2018; IPCC, 2014), for eﬀ ective biodiversity 
conservation of lowland streams, it is crucial  to understand the  biodi- 
versity dynamics induced by severe droughts. At local scales, temporary 
streams are considered primarily as “low-biodiversity ecosystems” both 
during  the  ﬂowing  phase  (Stubbington et al.,  2017;  Tornes  and  Ruhi, 
2013)  and the drying  period  (Acuna  et al., 2015;  Rothrock  and Garcia- 
Pichel,  2005). Globally,  however, these  watercourses may be more  di- 
verse  than  perennial ones  (Stubbington et al.,  2017). While  perennial 
streams are mainly dominated by lotic taxa, lentic and terrestrial species 
can be also characteristic elements of communities in temporary water- 
courses  (Stubbington et al., 2017). 
Among  the  various  benthic groups  inhabiting streams, benthic di- 
atoms  are one of the best model  organisms for studying drought eﬀ ects 
on the biota  of lotic environments. Recent studies  primarily focused  on 
the community structure of diatoms in temporary and perennial streams 
in Mediterranean regions,  including both  lowland and mountainous ar- 
eas (Barthès  et al., 2015; Falasco et al., 2016; Novais et al., 2014; Piano 
et  al.,  2017;  Tornes  and  Ruhi,  2013). Signiﬁcant diﬀ erences in  com- 
recurring drying  up of lowland streams and  the perennial–intermittent 
typological shifts  are  new  phenomena in  continental regions,   occur- 
ring only in the last decades. There are no well-developed management 
and  stream/ecosystem protection strategies based  on accurate studies. 
Lowland  watercourses are  typically not  in a good  ecological  status  in 
continental regions,  especially in  the  Carpathian Basin  (web  1).  Due 
to  the  intense   agricultural activities in  the  region,  the  nutrient load 
of these  streams is high  (web  1).  There  is no information on how  the 
ecological  quality of these  watercourses would  change  under  the stress 
caused  by recurring drought. This information would  be necessary for 
the eﬀ ective maintenance and protection of these  valuable lowland 
ecosystems. 
Here, we tested  whether the drying  up of lowland streams could in- 
duce  signiﬁcant changes  in the  functional diversity of benthic diatom 
communities, compared with perennial watercourses, in the Carpathian 
Basin. We hypothesised the  following:  (i) The community structure in 
intermittent and permanent streams diﬀ ers: Small sized taxa, and/or pi- 
oneers and/or drought indicator (e.g. aerophilic) groups would be more 
characteristic in  intermittent streams, while  motile,  medium to  large 
sized diatoms characteristic to lotic ecosystems would  dominate in the 
permanent watercourses. (ii) Functional diversity is strongly  inﬂuenced 
by autumn drought and intermittent watercourses are expected to have 
lower diversity than  permanent watercourses. 
 
 
2.  Materials and methods 
 
2.1.  Sampling area, sampling setup and measurements 
 
In the  Carpathian Basin the  growing  season  (from  April to Septem- 
ber) experienced increasing frequency of drought events during  the last 
decade, especially in the  eastern part  of the  Basin. These dry episodes 
induced the recurring drying  up of many formerly  permanent water- 
courses  and  resulted in a yearly  pattern of alternating dry and  ﬂowing 
phases.  Altogether 34 diatom samples  were  collected from small sized, 
lowland perennial watercourses and  intermittent streams, during  the 
spring  ﬂowing  phase  in the Carpathian Basin, between 2008  and  2015 
(Fig.  1,  Appendix  1).  According  to  the  2nd  River  Basin  Management 
Plan (web1), the studied streams can be categorised as calcareous, low- 
land  watercourses, with  coarse  or medium sized sediment, in small  or 
medium sized catchments (R-E2 GIG-type; EC 915). Due to the intensive 
agricultural activity  in the region, the ecological status of all streams was 
moderate (web1). Since the watercourses were dried  up in late summer 
or early  autumn of the  previous year  of sampling  (absence of water  in 
the  river  bed  was less than  4 months;  usually  1–2 months) they  were 
referred to as intermittent streams. Eight physical  and chemical param- 
eters  were  measured in all sampling  sites.  Water  temperature (T − °C) 
−1
 
munity compositions have repeatedly been found between stream  types 
and conductivity (COND − μS cm ), were measured directly in the ﬁeld 
(Falasco et al., 2016;  Novais et al., 2014;  Piano et al., 2017;  Tornes and 
Ruhi, 2013). Although water  scarcity  as well as the presence of tempo- 
rary streams is natural in the Mediterranean regions,  diatom communi- 
ties of these  watercourses are dominated by generalists like small sized 
taxa,  including pioneers or drought indicator species.  These groups  are 
known as indicators of physically disturbed environments (B-Béres et al., 
2014,  2016;  Berthon  et al.,  2011;  Rimet  and  Bouchez,  2012;  Stenger- 
Kovács et al., 2013), and have the potential to indicate ecological quality 
in intermittent streams, even  during  the  dry-phase (Stubbington et al., 
2019). In contrast, specialists and endangered taxa are characteristic of 
perennial streams (Falasco et al., 2016; Novais et al., 2014; Piano et al., 
2017;  Tornes and Ruhi, 2013). 
Studies  of diatom communities of temporary streams are more 
commonly focused on Mediterranean regions,  but are limited  for 
continental Europe.   This  is  probably due  to  the  natural  occurrence 
of temporary streams in semi-arid and  Mediterranean regions,  where 
the inﬂuence of ﬂow cessation or of the water  disappearance on 
communities are  well-documented (Acuna  et  al.,  2017). In  contrast, 
with  a portable-multi-parameter digital  meter  (Multi  350i-WTW,  Ger- 
many).  The  water  samples  were  kept  at  4 °C in  a  cooler  bag  during 
transportation to the  laboratory for further analyses.  Nutrient concen- 
trations (NO3 
− , NO2 
− , NH4 
+  and PO4 
3− ) and chloride (Cl− ) were deter- 
mined  spectrophotometrically according to  ISO 15923-1 (2013) stan- 
dard.  Respirometric analysis  was used to determine the Biological Oxy- 
gen Demand  (BOD) according to MSZ EN 1899-1  (2000) and  MSZ ISO 
6060  (1991) standards. 
 
 
2.2.  Diatom sample collection and preparation 
 
All sampling  and preservation were  performed according to the Eu- 
ropean guideline (EN 13946). Diatom  samples  were  collected from  all 
streams, during  the ﬂowing  phase, from emergent macrophytes growing 
in the free-ﬂowing parts  of the riverbeds. Diatom  valves were prepared 
by the  hot  hydrogen-peroxide method (EN 13946). Naphrax resin  was 
used for embedding. According  to the European guideline (EN 14407), 
at  least  400  diatom valves  were  identiﬁed and  counted using  a Leica 
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Fig. 1.  The study  area  in the  Carpathian Basin, the  Hungarian watercourses are marked with  blue  lines.  Sampling sites on perennial streams are marked with  black 
squares. Sampling sites on intermittent streams are marked with  black  triangles. 
 
 
DMRB microscope with  1000–1600-fold magniﬁcation. The identiﬁca- 
tion of diatom taxa was carried out using up-to-date literature (Krammer 
and  Lange-Bertalot, 1997a,b;  Krammer  and  Lange-Bertalot, 2004a,b; 
Potapova and Hamilton, 2007;  Stenger-Kovács  and Lengyel, 2015). 
 
2.3.  Data processing and analyses 
 
A total  of  212  diatom taxa  were  identiﬁed in  the  samples   (208 
taxa  to  species  level  and  4 to  genus  level).  Diatom  taxa  were  classi- 
ﬁed into guilds (planktic, low proﬁle, high proﬁle  and motile  – Table 1; 
Passy,  2007;  Rimet  and  Bouchez,  2012). A database containing aver- 
age  cell size value  of taxa  was  used  to  classify  diatoms into  ﬁve  cell 
size classes (Table 1; Rimet and Bouchez, 2012). This database also con- 
tains information about the average length and width of diatoms’ valves. 
These data  were used to calculate the LW ratio  (length/width; Table 1). 
The  taxa  were  classiﬁed   into  LW ratio  groups  according to  Stenger- 
Kovács et al. (2018). Taxa were  referred to as pioneers and  mobile  ac- 
cording  to the  above  mentioned database (Rimet  and  Bouchez,  2012). 
Diatom  taxa  were  classiﬁed  into  halophile or non-halophile groups  ac- 
cording  to van  Dam et al. (1994;  Table  1). Habitat descriptions found 
in Krammer  and  Lange-Bertalot (1997a, 1997b), Krammer  and  Lange- 
Bertalot  (2004a, 2004b), Hofmann et  al.  (2011) were  used  to  ascer- 
tain the moisture requirement of taxa. Based on these  descriptions, 
aerophilous and non-aerophilous groups  were distinguished. Taxa were 
referred to as invaders according to Kastovsky et al. (2010). 
For testing  signiﬁcant diﬀ erences in physical  and  chemical param- 
eters  between perennial and  intermittent stream  sites,  we applied the 
Kruskal-Wallis   and  the  Wilcoxon  rank  sum  tests  using  the  R  pack- 
age  ‘vegan’ (ter  Braak  and  Smilauer, 2002). To analyse  the  relation- 
ship  between environmental factors  and  traits,   we  used  redundancy 
Table  1 
Applied   morphological and  functional traits and 
their categories. 
 
Type  of traits Trait categories 
 
Guilds low  proﬁle 
high proﬁle 
motile 
planktic 
Cell  size S1: 5–99 μm3 
S2: 100–299 μm3 
S3: 300–599 μm3 
S4: 600–1499 μm3 
S5: ≥1500 μm3 
Length/Width LW1: <2 
LW2:2–4 
LW3: 4–6 
LW4: 6–12 
LW5: 12–20 
LW6: >20 
Halotolerance halophile 
non-halophile 
Mobility mobile 
Moisture aerophile 
non-aerophile 
Spreading and  colonisation  invaders 
pioneers 
 
 
 
analyses   (RDA), applying CANOCO 5.0  software package   (ter  Braak 
and  Smilauer, 2002), where  environmental factors  were  added  by the 
method of weighted averaging (ter Braak and Smilauer, 2002). We used 
Monte  Carlo  permutation tests  (default 499  permutations) to  decide 
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whether the  detected pattern was signiﬁcantly diﬀ erent from  random. 
To compare the  functional diversity characteristics between intermit- 
tent  and  perennial streams, we used  one-way  ANOVA (ter  Braak  and 
Smilauer, 2002). The ﬁxed  factor  was stream  type  and  the  dependent 
variables were  the  various  functional diversity metrics  (FRich,  FEve, 
FDiv explained later  in the text) and Berger-Parker diversity. 
Complementary  aspects   of  species   distributions  in  niche   space 
can  be  measured by  functional diversity components. Thus,  we  cal- 
culated functional richness  (FRich), functional evenness  (FEve) and 
functional  divergence  (FDiv)   (Mason   et   al.,   2005).  According   to 
Mason et al. (2005) these  components indicate (i) “the amount of niche 
space  ﬁlled  by species”  (FRich);  (ii)  “the  evenness  of abundance  dis- 
tribution in ﬁlled  niche  space”  (FEve); and  (iii)  “the  degree  to which 
abundance distribution in niche  space  maximises  divergence in func- 
tional  characters within  the  community” (FDiv) (Mason  et al.,  2005). 
The ‘FD’ R package  was used  for calculation of these  functional diver- 
sity metrics  (Laliberté  and Legendre,  2010;  Laliberté  et al., 2014). 
The Berger-Parker index,  d, is a simple  metric  for measuring dom- 
inance  (Berger  and  Parker,  1970;  May 1975). It has  been  deﬁned as 
the proportional abundance of the most abundant species in the assem- 
blage: 
 
d = N max/N 
where  Nmax  =  the  number of individuals in the  most  abundant species 
or trait;  N=  the  observed number of the  species  in the  sample.  The in- 
crease in the value of the Berger-Parker index coincides with a decrease 
in diversity and  an  increase  in dominance. We calculated the  Berger- 
Parker  diversity index  using  the  PAST software package  (version  2.11; 
Hammer et al., 2001). 
 
3.  Results 
 
3.1.  Relationship between diatom traits and environmental factors 
 
RDA analysis  indicated diﬀ erences between perennial and intermit- 
tent  streams based  on  the  functional trait  composition of benthic di- 
atoms  (Fig. 2). While environmental parameters did  not  diﬀ er  signiﬁ- 
cantly  between perennial and  intermittent streams (Table  2), they  ex- 
plained 25.99%  variance in the functional community structuring of 
benthic diatoms. The  eigenvalues for  the  ﬁrst  and  second  axes  were 
0.13 and 0.07.  The environmental variables that  highly  correlated with 
axis  1 were  BOD (0.57)  and  nitrate (0.28), while  temperature (0.41) 
and orthophosphate (0.26)  were the most important variables to axis 2. 
 
 
Fig.  2.  Relation of traits and  the  environmental variables displayed by  RDA 
based  on trait abundances. The explained variations were  16.7% and  5.6%  for 
the  ﬁrst  and  second axes  respectively. Intermittent  streams are  marked with 
circles.  Perennial watercourses are  marked with  squares. 
 
 
The Monte Carlo permutation test indicated a signiﬁcant diﬀ erence from 
random for the ﬁnal model (Number of permutation s = 499; p = 0.02 for 
all canonical axes). 
Functional characteristics of diatom communities of intermittent 
streams were negatively correlated with all environmental factors. Small 
sized,  pioneer taxa  and  aerophilic taxa  characterized the  diatom com- 
munities of these  streams. In contrast, diatom communities of peren- 
nial  streams were  characterized either  by motile  taxa  with  a large  LW 
ratio,  or by planktic taxa. Permanent streams were also preferred by 
halophilous and large sized taxa (Fig. 2). 
 
 
3.2.  Diﬀ erences in functional diversity 
 
The functional richness  was  signiﬁcantly lower  in the  intermittent 
streams than  in perennial ones  (Fig. 3a;  p < 0.005). In contrast, there 
were  no  signiﬁcant diﬀ erences between watercourses in  either   func- 
tional evenness  or functional divergence (Fig. 3b,c; p > 0.1). The Berger- 
Parker diversity was signiﬁcantly higher in the intermittent streams than 
in the perennial watercourses (Fig. 3d; p < 0.05).  There was also a strong 
 
 
 
Table  2 
Summary of  the  data  set  for  the  six  tested chemical and  physical parameters in  intermittent and  perennial 
lowland streams, and  the  results of the  Wilcoxon rank  sum  test:  biological oxygen  demand (BOD - mg  L−1 ), 
water temperature (T, °C), ammonium (NH4 
+   – mg  L−1 ), nitrate (NO3 
−   – mg  L−1 ), nitrite (NO2 
−   – mg  L−1 ), 
soluble reactive phosphorus (PO4 
3−   μg L−1 ), chloride (Cl−   – mg L−1 ), and  conductivity (COND – mg L−1 ). 
 
 average SD median minimum maximum W p-value 
BOD (mg  L−1 ) Intermittent 2.73 1.59 2.30 6.90 1.39 198.5 0.06226 
 Perennial 3.59 1.93 2.85 8.10 2.00   
T ( °C) Intermittent 16.22 3.64 16.95 23.10 7.60 117.5 0.3965 
 Perennial 14.09 9.04 15.40 27.50 1.80   
NH4 
+ (mg  L−1 ) Intermittent 2.14 6.59 0.09 27.20 0.03 139.5 0.8899 
 Perennial 0.15 0.15 0.09 0.53 0.03   
NO3 
− (mg  L−1 ) Intermittent 1.33 1.09 0.85 4.00 0.40 194 0.08673 
 Perennial 4.78 6.59 1.85 23.50 0.50   
NO2 
− (mg  L−1 ) Intermittent 0.06 0.04 0.06 0.15 0.01 156.5 0.6772 
 Perennial 0.08 0.08 0.05 0.24 0.01   
PO4 
3-  (μg  L−1 ) Intermittent 830.02 1023.04 473.00 4190.00 88.70 156 0.6953 
 Perennial 941.22 988.42 608.00 3420.00 27.80   
Cl− (mg  L−1 ) Intermittent 35.62 24.48 26 7 95 164 0.5009 
 Perennial 48.31 37.88 36 9 142   
COND (μS cm−1 ) Intermittent 672 236 700 159 1120 149 0.8782 
 Perennial 730 445 724 110 1450   
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Fig.  3.  Functional richness (A), functional evenness (B), functional divergence (C) and  the  Berger-Parker diversity (D) in the  perennial and  intermittent streams. 
Results  of Kruskal-Wallis and ANOVA tests were:  KW-H = 9.742, p = 0.0018 and F = 11.8598, p = 0.0015 in the case of functional richness; KW-H = 2.2655, p = 0.1323 
and  F = 1.6562, p = 0.2068 in  the  case  of functional evenness; KW-H = 0.2734, p = 0.6011, F = 0.4532, p = 0.5054 in  the  case  of functional divergence and  KW- 
H = 7.0868, p = 0.0078 and  F = 5.8021, p = 0.0216 in the  case of Berger-Parker diversity. 
 
 
positive  correlation between Berger-Parker trait  diversity and  the  pio- 
neer  traits  (Fig. 4; p < 0.05). 
 
4.  Discussion 
 
4.1.  Trait compositions diﬀ er signiﬁcantly in intermittent and permanent 
streams 
 
In the Carpathian Basin, there  is a clearly  visible shift in water  sup- 
ply  of lowland watercourses, especially during  the  vegetation period 
(from April to September), inducing the recurring drying  up of some of 
these  formerly  permanent streams. Since this shift began  only very re- 
cently,  water  scarcity  should  be considered as a physical  disturbance to 
these  ecosystems. We hypothesised that  the community structure in the 
disturbed intermittent and  the  permanent streams would  be markedly 
diﬀ erent; and  that  we could  identify  traits  indicating the  drying  up of 
lowland watercourses. Our results  conﬁrmed this hypothesis. Similar to 
previous ﬁndings  (Falasco et al., 2016)  aerophilous taxa were strong 
indicators of drought. These  taxa  are  able  to survive  the  drying  up of 
the  streams and  to rapidly  colonise  habitats after  the  return of water 
ﬂow. Similarly  to invertebrates (Datry et al., 2014)  and to the Mediter- 
ranean diatom communities (Piano  et al., 2017), generalists, including 
pioneers and small low proﬁle  taxa, were also characteristic of the stud- 
ied intermittent streams. These taxa  can tolerate physical  disturbances 
and they are able to spread  rapidly  (Berthon  et al., 2011;  B-Béres et al., 
2014,  2016). Conversely,  Falasco  et al. (2016) found  positive  correla- 
tion between low proﬁle  guild diversity, including pioneer species,  and 
upstream watercourse sections  characterised by permanent ﬂow condi- 
tions,  in the  Ligurian  Apennines  and  the  Alps. The authors also found 
lower  nutrient content in these  perennial streams than  in the intermit- 
tent streams, while we observed the opposite phenomenon: intermittent 
stream  diversity correlated negatively to environmental factors,  such as 
increased nutrient content, in our  study.  To understand these  seeming 
contradictions, two diﬀ erent environmental parameters must be consid- 
ered: nutrient content and drought intensity. Upstream watercourse sec- 
tions in mountains are usually  dominated by low proﬁle  and/or pioneer 
taxa (Rimet et al., 2007). In addition, their  nutrient contents are usually 
lower  than  in downstream sections  (Abonyi  et al.,  2012). We studied 
only  lowland streams, which  were  all characterised by moderate eco- 
logical  status  (web  1). Environmental parameters did not  diﬀ er  signif- 
icantly  between intermittent and  perennial streams in our  study.  With 
some exceptions, the nutrient load (especially the nitrate content and the 
amount of the  biodegradable organic  material indicated by BOD) was 
usually  lower  in intermittent streams than  in perennial watercourses. 
Thus, it appeared that  not only the drought periods, but also the lower 
nutrient concentrations, determined the  dominance of low proﬁle  and 
pioneer taxa  in  benthic algal  assemblages in  the  studied intermittent 
streams. 
As it has  been  already noted,  there  were  no signiﬁcant diﬀ erences 
in  the  environmental parameters between perennial and  intermittent 
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Fig. 4.  Linear  regression between Berger-Parker diversity and  relative abundance of pioneers where p = 0.0103, r2  = 0.1784 (c). 
 
 
 
streams. However, the  functional characteristics of diatom communi- 
ties  of the  permanent watercourses correlated positively to  nutrients, 
such  as nitrate, and  to biodegradable organic  materials. In accordance 
with  previous ﬁndings  (Tornes  and  Ruhi,  2013), the  perennial water- 
courses  of our study were characterised by specialist  diatom species 
showing  high  length/width ratios,  large  size and  motility. The motile 
taxa  have  an advantage in resource acquisition under  increased nutri- 
ent  levels  (Berthon  et  al.,  2011;  B-Béres et  al.,  2014,2017; Passy  and 
Larson 2011). We also observed that  halophilic taxa  were  more  abun- 
dant  in perennial rivers,  likely  due  to increasing resource availability, 
as  observed in  the  River  Wipper  (Ziemann et  al.,  2001)  and  in  low- 
land small streams (Kókai et al., 2015). Finally, the presence of planktic 
taxa was another characteristic of diatom assemblages in our perennial 
streams, which  may indicate a water  velocity  reduction (B-Béres et al., 
2017;  Rimet  and  Bouchez,  2012). This characteristic is also  a typical 
example  of source-sink dynamic (Leibold and Chase, 2018), and can be 
frequently observed in small  streams with  lakes  or reservoirs in their 
upstream sections  (Bolgovics et al., 2015;  2017). 
 
 
4.2.  Reduced functionality characterises lowland intermittent streams in 
temperate regions 
 
Intermittent watercourses are  usually  considered to be “low biodi- 
versity  ecosystems” at  the  local  scale  (Stubbington et  al.,  2017), and 
therefore we expected lower  diversity in these  streams than  in perma- 
nent ones. Our results conﬁrmed this hypothesis. The observed low func- 
tional  richness, together with  the high Berger-Parker diversity of traits, 
indicated the strong  negative impact  of drought on biodiversity in these 
lowland intermittent watercourses. 
Disturbed environments can  be characterised by the  dominance of 
pioneers (B-Béres et al., 2014,  2016;  Stenger-Kovács  et al., 2013)  and 
by reduced functionality. This reduced functionality coincides with  re- 
duced  productivity (Mason et al., 2005). The lowland intermittent wa- 
tercourses in  the  Carpathian Basin  are  subject   to  water   scarcity  in- 
duced   disturbances,  making   them   more   vulnerable  to  change   than 
perennial watercourses (Mason  et al., 2005). Highly disturbed systems 
can  be  particularly sensitive  to  invaders (Cooper  et  al.,  2013).  How- 
ever,  it  can  be  challenging to  deﬁne   diatoms as  invaders in  fresh- 
water  ecosystems. The  GISD (http://www.iucngisd.org/gisd/)  identi- 
ﬁes only  one  diatom species  as invader in these  ecosystems, although 
Kastovsky  et  al.  (2010) published a more  detailed database focusing 
on freshwaters in the Czech Republic.  In our study,  only one motile 
halophilic taxon  was speciﬁed as an ‘invader’ (Navicula schroeteri), ac- 
cording  to Kastovsky et al. (2010), and  occurred in only one perennial 
stream. Non native  invaders were not present in intermittent streams. 
The functional richness  of communities was  signiﬁcantly lower  in 
intermittent streams than  in perennial ones, clearly  indicating the neg- 
ative  eﬀ ect  of water  scarcity  on community composition. In contrast, 
functional evenness  and  functional divergence values  did not  diﬀ er  in 
temporary and permanent watercourses. Our results  suggested that  the 
autumn drought was  a strong  stressor  for diatom communities, inde- 
pendent of stream  type.  These  ﬁndings  are  consistent with  the  results 
of a previous study in the Carpathian Basin, where  decreasing evenness 
was found in small permanent watercourses during  the autumn drought 
(Kókai et al., 2015). 
 
 
5.  Conclusions 
 
Our  ﬁndings  highlighted the  vulnerability of lowland intermittent 
streams in the Carpathian Basin, where  the recurring drying  up of these 
watercourses was  due  to water  scarcity  during  the  vegetation period. 
We revealed signiﬁcant diﬀ erences in trait  compositions of these  lotic 
V. B-Béres, B. Tóthmérész and I. Bácsi et al. Advances in Water  Resources  126  (2019) 129–136 
135 
 
 
 
ecosystems;  the presence of small sized aerophilous and/or low proﬁle 
taxa, including pioneers, indicated the drying up of the watercourses. In 
contrast, motility and large sized taxa, together with halophiles, charac- 
terised  the  streams with  permanent ﬂow  conditions. Furthermore, the 
amount of niche  space  ﬁlled  by taxa  in assemblages was  signiﬁcantly 
reduced in lowland intermittent watercourses, suggesting that  these 
ecosystems are  threatened by drought. Since  benthic diatoms are  im- 
portant autotrophic elements of streams, any negative changes  in their 
structure and  composition may  have  a harmful eﬀ ect  on other  assem- 
blages,  up to an ecosystem-level. Thus, lowland intermittent streams in 
continental regions  require special  attention for future  eﬀ ective biodi- 
versity  conservation. 
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